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TO THE EDITOR
The skin basement membrane (BM)
forms a barrier between epidermis and
dermis but allows immunocytes to
migrate through it. Although Langer-
hans cells (LCs) use matrix metallopro-
teinases to exit the epidermis (Noirey
et al., 2002; Ratzinger et al., 2002), it
seems likely that a mechanism exists
to facilitate LC passage through the
BM without the need to generate new
holes in the membrane on each occa-
sion. In lung, eye, and gastrointestinal
tract, BM pores have been described,
which enable immunocyte migration
through this structure (Mahida et al.,
1997; Scott et al., 1997; Howat et al.,
2001). Focal absence of cutaneous
BM was observed by transmission
electron microscopy (TEM) in one study
when murine LCs were adjacent to BM,
but it is unknown whether pores al-
ready existed or were generated de
novo by the LCs (Stoitzner et al.,
2002). Therefore, we investigated
whether BM pores exist in skin and
whether immunocytes use these pores
to traverse the BM.
Immunofluorescence microscopy of
dermis, denuded of epidermis by EDTA
and stained for type-IV collagen (see
Supplementary Materials and Methods
online), from human (n¼17 indivi-
duals) and hairless mouse skin (n¼12
mice) showed uniform staining for
collagen-IV, indicating that the lamina
densa (LD) component of BM covering
the dermis remained intact following
removal of epidermis (data not shown).
A confluent collagen-IV pattern was
similarly noted following epidermis
removal with dispase (n¼4) and NaCl
(n¼2). Scanning electron microscopy
(SEM) of human dermis, denuded
of epidermis, revealed an uneven
coral-like appearance on the upper
parts of dermal papillae, however,
bases of dermal papillae and valleys
between papillae were relatively
smooth; therefore, investigations for
pores focussed on these sites. Small
BM pores were seen, randomly distrib-
uted, on the dermal surface in all
normal skin samples (n¼27 subjects;
23–69 years old) (Figure 1a, b and d).
Mean pore diameter (MPD) was
0.79 mm (measured across 144 pores,
n¼6 samples), 95% CI 0.74–0.84 mm,
range 0.25–2.04 mm, and SD 0.30 mm.
Based on counting 1,806 pores, there
were 28.0 103 pores per mm2 BM,
with average distance between adja-
cent pores of 4.25 mm. Thus, there were
Abbreviations: BM, basement membrane; DNCB, dinitrochlorobenzene; LC, Langerhans cell; LD, lamina
densa; MPD, mean pore diameter; TEM, transmission electron microscopy
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Figure 1. Multiple basement membrane (BM) pores are present in skin. Scanning electron microscopy (SEM) of normal human (a, b, d) and murine (c, e)
skin demonstrates the presence of multiple BM pores. Confocal microscopy of human skin (f, g) denuded of epidermis and stained for collagen-IV (green)
and with TOPRO-3 (cell nuclei, blue); discrete gaps (arrowheads) in the collagen-IV staining are present on Z-series (vertical) sections. Transmission
electron microscopy of normal human skin (h, i) shows a focal absence of lamina densa (arrows) indicative of BM pores. SEM of dermal explants
cultures after 24 hours (j) and 48 hours (k); BM pores (arrowheads) were frequently noted at edges of keratinocyte sheets (j) and beneath gaps between
adjacent keratinocytes (j, k). Bars: a¼ 7.5mm; b, c¼ 10mm; d, e¼ 5mm; f, g¼ 20 mm; h, i¼ 1 mm; and j, k¼ 20 mm.
www.jidonline.org 1951
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far greater numbers of pores in human
skin than previously described in the
lung (863 pores per mm2, Howat et al.,
2001); this data does not seem to
have been reported for the eye and
gastrointestinal tract. Pores were ob-
served in all samples treated with
EDTA, NaCl, or dispase. No obvious
relationship between the number of
pores in normal human skin and
gender, age, or anatomical location
(head, neck, chest, or buttock) was
noted. SEM of mouse dermis, denuded
of epidermis, showed BM pores ran-
domly distributed in all cases (n¼11
hairless mice, 9–35 weeks old; Figure
1c and e). MPD (measured on 144
pores, n¼6 mice) was 0.59 mm, 95%
CI 0.57–0.62mm, range 0.33–1.36 mm,
and SD 0.15 mm. There were
8.1103 pores per mm2 (n¼2,706
pores counted) with average distance
to nearest pore of 7.79 mm. Similar
pores were present in ear skin from
10-day-old recessive yellow mice, and
in back and ear skin from 12-week-old
SCID and Rag-2 null mice.
Confocal microscopy of human
(n¼3) and mouse (n¼4) dermis
stained using an anti-collagen-IV anti-
body demonstrated distinct gaps in
collagen-IV staining in all cases (Figure
1f and g). TEM of sequential sections of
intact human skin (n¼3) similarly
showed gaps in the LD in each case
(Figure 1h and i); these gaps (width
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Figure 2. Immunocytes use basement membrane (BM) pores to exit and enter epidermis. Scanning electron microscopy (SEM) of normal human (a)
and murine (b) skin following removal of epidermis demonstrates cells within occasional BM pores. Reduction in human epidermal Langerhans cells
(LCs) (c) at 18–24 hours following in vivo exposure to dithranol, 2,4-dinitrochlorobenzene (DNCB), and UVR in comparison with control unstimulated
skin; fewer CD1aþ LCs are present in epidermal sheet of UVR-exposed skin (d) than in normal skin (e). BM pores containing migrating immunocytes
(presumed human LC and mouse LC or gamma–delta T cell), following removal of epidermis, on SEM of DNCB-treated human (f) and UVR-irradiated
murine (g) skin. SEM of cutaneous T-cell lymphoma-involved human skin denuded of epidermis demonstrates multiple migrating immunocytes
(presumed LCs and/or epidermotropic T cells) within BM pores (h, i). Bars: a, b¼ 5 mm; d, e¼ 100mm; f, g¼ 5 mm; and h, i¼ 10mm.
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0.15–0.85 mm) were often at junctions
between neighboring keratinocytes.
Furthermore, SEM of dermis cultured
in vitro showed BM pores at edges of,
and junctions between, keratinocytes
adjacent to hair follicles (two of eight
samples, 24 hours; one of two samples,
48 hours; Figure 1j and k). Although the
integrity of the dermis was poorer after
120 hours culture, BM pores were still
present.
In 8 of 27 human samples, cells
appeared in transit through these pores
on SEM (Figure 2a and b), but pores
were larger; MPD 2.78 mm, 95% CI
2.48–3.09 mm (range 1.24–4.70mm, SD
0.94 mm, n¼38 pores). On TEM of
normal skin, occasional cells were
associated with larger LD gaps
(0.6–1.8 mm wide), consistent with im-
munocytes in the process of crossing
the BM. To promote LC migration,
UVR, dithranol, and 2,4-dinitrochloro-
benzene (DNCB) were administered to
human skin in vivo (Figure 2c–e). SEM
of dermis 2 hours afterwards showed
pores containing cells, considered to be
migrating LCs, in two of six DNCB
(Figure 2f), one of six dithranol, but
none of six UVR samples; MPD
3.17 mm, 95% CI 2.61–3.73 mm (range
1.21–6.34 mm, SD 1.13 mm, n¼18
pores (i.e., total number of pores con-
taining cells in dithranol and two
DNCB samples)). At 18–24 hours, three
of four DNCB, three of four dithranol,
and three of five UVR samples
demonstrated pores with cells; MPD
4.06 mm, 95% CI 3.30–4.83 mm (range
2.62–6.93 mm, SD 1.39 mm, n¼15
pores containing cells in n¼9 sam-
ples). TEM performed on DNCB-stimu-
lated skin also showed some larger LD
gaps (width 2.6–3.7 mm) containing
cells considered to be migrating. UVR
was administered in vivo to murine
dorsal skin to promote LC (and possibly
gamma–delta T cell) migration (Aberer
et al., 1986; Cumberbatch et al., 2005)
and occasional cells were noted in
transit through the BM at 1, 2, 3, 4,
and 16 hours on SEM (Figure 2g); MPD
of pores with cells in them was
1.74 mm, 95% CI 1.46–2.04 (range
0.66–2.85 mm, SD 0.58, n¼ 17, i.e.,
total pores containing cells in murine
samples). Larger empty pores were seen
in human and murine skin at the later
time points, consistent with these pores
having been enlarged by cells migrating
through them. In human skin, these
larger empty pores had a MPD of
3.39 mm, 95% CI 2.86–3.92 mm (range
1.42–5.58 mm, SD 1.14 mm, n¼20); in
mouse skin the MPD of the larger
empty pores was 1.49 mm, 95% CI
1.25–1.74 mm (range 0.94–2.40mm, SD
0.48 mm, n¼ 17). In general, pores
with and without cells looked similar,
but pores containing cells seemed to be
enlarged progressively over time after
application of stimuli, which cause
LC migration.
Affected skin from three cases
of cutaneous T-cell lymphoma was
studied with SEM of dermal samples,
two as fresh biopsies and one after
explant culture for 72 hours. SEM
demonstrated many pores containing
cells, presumably malignant T cells,
which were migrating into the epider-
mis or LCs in transit into the dermal
lesion (Jimbow et al., 1982; Figure 2h
and i). MPD of pores with cells in them
was 4.03mm, 95% CI 3.62–4.45 mm
(range 1.71–8.08mm, SD 1.43 mm,
n¼49 from three skin samples). Dis-
tribution density of the pores in these
skin samples was 7.4 103 per mm2
(measurements from 216 pores in two
fresh biopsy samples).
The results of this study indicate that
the cutaneous BM contains numerous
pores, situated beneath the junctions
between keratinocytes, which enable
the passage of immunocytes into and
out of the epidermis. Furthermore,
rather than having to generate new
holes on each occasion, immunocytes
seem to enlarge pre-existing pores to
migrate across the BM.
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